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SUMMARY 

The fiirst of a series of f l u t t e r  rockets,  designated the RACA XB-l-A,, 
was successfully launched and flown at the  Pilotless Aircraft Reaeasch . 
Station, Wallops Island, V'. Two identical Bwept w i n g s  were tested; the 
l e f t  w i n g  fa i led at 967 feet per second (659 miles per hour, Mmh  number 
M = 0.89) and the right wing remained on the model throughout the entire 
flight (mximm h c h  Ilumber af 1 .O) . 

With PesenDday piloted and nnnpiloted aircraft approaching a Ma& 
m.m3er of upity, the problem of f l u t t e r  ar aerodynamic Instability of 
wings Ps beccrming more. and mare important. Thie martance asiees in 
the speed range between lkch numbere 0.7 and 1.2 whe3.e %he values of' the 
aerdynmic pameters which affect   the   f lut ter  speed are practically unknown. It ia therefare important that  experimental data be obtained 
by testing wlngs with predetermined f lu t te r   charackr i s t ics  In t h i s  speed 
range. Such results cauld be ueed t o  assist in the developnent of a 
transonio f lu t t e r  theory. 

In order to obtain such data, the P i ~ o t l e s s  Aircraft Research 
Division is conducting  f'ree-flight  "transonic f lu t t e r  tests by m8m of 
lawacceleration rocket+propelled t e s t  vehicles. Such tea ts  w i l l  yield 
information concerning the  f lut ter  speed and f lu t t e r  frequency, 

The 
with  the 
Research 

design and f lu t t e r  analysis of the wing8 investig8ted was made 
theory developed by and with the cooperation of the  physical 
Division of the I&ngley Laboratory. 
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The fkst of a serles of flutter rockets has been launched and W&B 
equipped for determining the w i n g  failure speed only. The resultB of 
th ie   f l igh t  are  presented herein along with a description of the teat 
vehicle. 
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ft natural fhquency of toreional  vibration in oyclee per 
SetCOnd 

fa torsional frequency about torsional axis in cycles per 
second 

natural torsianal frequency in radians per second 

location of center of gravity behind torsional axis in term 
of half-chwd 

location of torsional axis of w i n g  behind mldchord in  terms 
of half”chor8 
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location of center of gravity behind the 25 percent chord in 
terms of half-chord 

m a  radius of‘ gyration referred to ta rs lona l  axls in terms 
of hu-chord  ra 

ratio of mass of cylinder of air of diameter equal t o  chord 
of wing to m a 8  of wtng, both taken for equal lengths 
along span 

b 

2 
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?ai 

W e h a r d  length i n  feet, measured normal to leadSw edge 

leadinwdge length in  feet 

ratio of l e a d i n e g e  length t o  chord length 

t 
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vi, . flutter speed, feet per eeco&,  determined f'ram reference 1 
(twbdimeneianal imco~npressible flaw themy employing 
first bending toreion mode and density at time of 
f8fltP8) 

The NACA -1-A is essentially a tailless airplane xith four 
laminated eLpvce wings located at the rem of the body. The two hori- 
zontal wings are the flutter t e s t  wings,  eLad the vertical surfacea are 
for directional stability and have a flutter speed greater than the 
maximum epeed of the model. A taillese oonfiguratian was chosen in order 
t o  keep the weight a& drag 88 amall  as possible, 

A sketch of the mdel showing pbysical dimensions and location of 
the different internal unite ie shown in figure 1. Two photographs 

' ah- external appearance 82.8 sham ae figwee 2 and 3. 

This model is propelled by a lMl+pmnd thmzet r d e t  englne at an 
average calculate& acceleration of 2.8 timss grav€ty. It l e  launched 
without the aid of a booster and f l i e a  w i t h  power on far approxfmately 
15 seconds. The ~ 8 h e t . l  charaoteriatics of the model and xings are &a 
follows: 

W e i g h t , g o u n d e . . . . . , , . . . . .  . . . . . . . . . . . . . . .  246 
Fuselaget 

~Pgth , inches  . . . . . . . . . . . . . . . . . . . . . . . . . .  93 
lbximum diameter, inches. . . . . . . . . . . . . . . . . . .  10.625 

Hari zontal winge : 
Weight, pounds (each) . . . . . . . . . . . . . . . . . . . . .  6.00 
Area ( tota l ) ,  s p a r e  feet . . . . . . . . . . . . . . . . . . .  7.45 
Area (exposed),  square feet . . . . . . . . . . . . . . . . . .  6.18 
SDan, feet . . . . . . . . . . . . . . . . . . . . . . . . . .  5.25 
Aspect. ratio . . . . . . . . . . . . . . . . . . . . . . . . .  3.7 
Airfoil  eection (normal to  the leading edge). . . . . . .  NACA 6 % ~  
Sweepback angle, degree8 . . . . . . . . . . . . . . . . . . .  45 
Loading, pound8 per square foot . . . . . . . . . .  . .  . . .  39.8 
&an aerodynamic chord, inches . . . . . . . . . . . . . . . .  17 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  1:1 

I 

! 

I 

I 

I 



4 lPACA RM Ro. L7JO8 

. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  
O . . . . . . . . . . ’ . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  
(Etdard CondftiQIl6) . . . . . . . . . . .  

20.4 
124.5 

69.0 
67.2 
-0.2 
0.06 
0.21 
3.09 
0.5 

26.9 

In order to determine the failure sped of the winge, a aimple break 
wire circuit ie made by routing a wire through each of the teat winge. 
Thie wlre is connected t o  the power etupply of a 8mJ.l radio transmitter 
located i n  the nom of the model. A continuous eiepal from the tr-tter 
is received at t he ‘ sound  station aa long as both w i n g s  remain intaot aad 
is rec&ed on film with chrmograph marhs aphronized at the time of 
firing. When either wing fal le ,  the si@ a’hruptly reduces t o  zero and 
the failure point ie hm. A purtion of the record obtabed Froan the 
fllgllt of the HACA -14 at the  tlma of wing failure ie a h m  in figure 4. 

m e  IUCA l”l4 wae launched by meam of‘ a zer-length type launching 
rack3 that 58,  the rack Boes not offer any suppart or restraint to the 
model  after it first starte to mve. Becauee of the  inherent cmactelc 
ietics of the rocket engine to build up thruet  elowly, it waa mceasaryb 
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design a brealr"1ink aaaenktly that would retain the model on the launching 
rack until a thrust of approxlmatelg 800 pounds was developed. 

Flightdath Appraxtmatian 

w h a s i s  is placed on the  determinaticm of the flight path since it 
5s blgortant that the altitude  at the time of x h g  failure be bnown. 
Calculations based on predeterminsd aerodymazdc cbacterbtics were made 
to show the expected trajectw. The reeults cxf these calcula.tions a r e  
sham in figure 5 ae the  wcriation of altftude, horizontal distance, 
acceleration, and velocity (kch m e r )  w i t h  time. 

The velocity of the model was obtalned bg a continuma wave Doppler 
radar unit set  behind the lamchin& site approximately in lim with the 
azimuth of' the expected flight path. The record  obtained - velocity 
against thne - is &own by curve d of figure 5 ,  This velocity ie the. 
component of the true velocity in  l ine wfth the radm beam. . Eowmer, 
the maximum error  involved in correcting the velocity €8 RmR.17 and can ! 
be neglected. 

Radiosonde 

The atmospheric conditions prevailing at the time of flfght and 
pertinent to flutter  calculations were determtned by use of a radiosonde. .*.:L"- 

The data-are presented in figure 6 LB a plot  of the  velocity of sound 
and density against the altitude. 

I 

Cameras 

A K-24 aerial  camera  operating at 2 frames per second =E placed 
normal. to the vertical plane of the expected line of flight to obtain a 
record of the flight path azld attitude of the model during the first 
2 seconds of fUght . 

Two tracking movie cam-, a 35millimeter and a l hn i~ ime te r ,  
were placed about 2000 feet f r o m  the launching site w l t h  the line of 
sight of the oamsraa nampal t o  the vertical plane of the expected fl5ght 
path at the point  where  the w i q p  were expected. t o  fail. 

I 
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One other 3ml l ime te r  movie canisra was used to record a close-up 
of the actual  hunching. 

RESULTS AmD DISCUSSION 

The launching  of the NACA -1-A was entirely  successful in that 
the break"1ink assembly released  the model at  the  proper ttme and the 
launching was -perfumed amoothlg. In order to a id  in  the  visualization 
of the take-off, a sequence  of  pictures mde at aFproximately I.-second 
and &-second  intervals is shown in figures 7 and 8, reepective-. 

4 
2 

Flight 

After the mode l  waa free of the  launcher,  its  attitude  changed f r a m  
the i n i t i a l  an&le of 630 (launch- angle) t o  an angle of 3go in 2 seconds. 
This  change is shown in the eequence of pictures in figure 80 The pre 
flight  calculatfan had Tndicated that the angle of pitch at this tims 
would be &lo. This calculation conpame f avcrrably w i t h  the actual  change 
in attitude angle. 

The flight  path  determined from the data of figure 8 is shown in 
figure 9 superaposed M the calculated flight path.  Since these two 
curperS'cmp8.m  closely and since the ohange in attitude conpares closely, 
the  remainder of the actual  flfght  path is assumed to be close t o  the 
calculated  trajectmy. This assranption is further justified by noting 
the close  comparison up t o  the time  of wing failure between the calm- 
lated velocity  variation and tbe velocity obtained by radar, as shown by 
c m e s  c and d of f igwe 5. 

Movies showed that  the model traversed a smooth traJectory, made no 
appreciable  deviation f rom the dfrection of launching, and developed only 
90° of roll during the portion  of the flight  that the test  wings  remained 
intact. The evldence of l i t t l e  r o l l  during the first 2 seconds of flight 
can be seen by referring t o  figure 8. 

Immediately after wing fallure the model developed a corkscrew 
fllght path. 

I 
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Wing Failure 

7 

A motion picture taken of the fllght ehaws that the left wing ' 
failed near the root. The time of failure of the leFt w h g  is recorded 
by the amall radio  tranem3tter a8 9.875 seconds after the beginning of 
the flight (fig. 4). Curve d in figure 5 lnd3cates that the  velocity 
of t h e  model at 9.875 seconds I s  967 feet  per second or 659 miles per 
hour (Mach number 0.89). This velocity is the measured failure epeed of 
the w:ng. The f l u t t e r  speed calculated fram reference I far both t e s t  
wings (corrected f o r  an al t i tude of 2000 ft) i a  about 550 fee t  per second 
or 374 miles per hour (bkch number 0.505) . These values w e r e  obtainecl 
assuming a wing of zero sweepback,of 3nfin:te aspect ratLo, and trapellng 
tn an lncmpressible  fluid. (See reference I.) rt is eeen that t h i s  
experlmentd. value obtalned at a h h  Ilulziter of 0.89 is 76.2 percent 
greater than that obtained using the twcdlmenaional,  incon;pressible, 
unswept theoretical value. 

It is inCerestTng to note that, by applying a cosine carrectian - 
an approximate correction for sweepback - t o  the f lu t t e r  speed calculated 
by reference I, the experFmental value o b t w d  at a Mach number of 0.89 
is only 24.3 percent p e a t e r  than the corrected calculated  flutter speed. 

!Che motion picture ale0 shms that the right wing remained an the 
model throughout the entire flight, pcobably due t o  the change In 
configuration and the  disturbed and er ra t ic  flow conditions exiet lng 
during the corkscrew flight path follawing failure of the l e f t  wing. The 
model attained a maximum Mach nlzmber of 1.00. 

The foregoing data on f a i l k  armd nonfailure of the wings tested 
indicate that the- two-d3.menaional, incanpeseible, =wept f lut ter   themy 
l e  inadequate in determlnhg failure speede of sweptback fIn5te-mpect- 
r a t i o  wings in the traneonic r-8. Stui ihr  t r e &  are noted in the 
f'reely-fallin@ody tes ts  reported In reference 2. W e  data w:ll be 
necessary ( f lu t te r  frequency as w e n  a8 failure speed) t o  extend the 
flutter result.6 of th ie  t e a t  and to provide a baais fo r  the developmsnt 
of a transonic  flutter  themy. 

I 

I 

I 

! 

I 

The f lu t t e r  narameters of the w5n.g~ tested were such that the f lu t t e r  
sneed calculated a s s u n h g  an infinite unswept w h g  in an incnmpresaible 
flow wes 374 &lea per hour (hlsch n M e r  0.505). In flight, the left 
wing falled to complete destruction at  659 miles per  harr ( k c h  
nurrher O.@), and the right wing remained on the model thrgughout the 
f l igh t  (maximum mch number 1.00). It is  men that this experinrental 
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value obtained at a k c h  number of 0.89 was 76.2 percent greater than 
that  obtained  using the twc+dimens iana l ,  incompressible,  unswept 
theoretical  value. 

 ore data  (flutter frequency as well ae failure a p e d )  WIU be 
neceesmy to extend the flutter reaulte of this test and to provide a 
basis for the d e v e l o p n t  of a transonic flutter theory. 

Langley bmrlal Aeronautical I&bors%ory 
National Ad~i0oz-y C - t t e e  far Aeronautics 

Lan&ley Field, Va. 

1.. meodorsen, Theodore, and Garrlck, I. E.: Mxhanism of Flut te r  - A 
meoretic& and EkperSmental Investigation of the  Flutter 2roblern. 
NACA Rep. No. 685, 1940. . 

2. -by, J. G., and Clevenson, S. A.: Initial Test in the Transonic 
of Four Flutter Airfoils Attached to a Freely Fal.l.hg Body. 

IUCA RM No. L7B27, 1947. 

! 



.. . 





I 

I L-52153 

Figure 2.- Side view of the FR-1-A with power plant. 
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Figure 3.- Top view of the FR-1-A showing the flutter test w i q s .  
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Figure 4.- Por t ion  of telemetered record.showing time 
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Time, 0 secs. Time, 1.0 sec. v 
Figure 8.- Sequence of pictures of the first two seconds of flight of the FR-1-A. 
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Time, 0 secs. Time, 1.0 sec. v 
Figure 8.- Sequence of pictures of the first two seconds of flight of the FR-1-A. 
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Time, 1.5 sec. Time, 2.0 secs. 

Figure 8.- Concluded. 
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